A s the number of patients undergoing total knee arthroplasty (TKA) increases, the search for ways to improve outcomes also increases. Adequate pain control is associated with improved early mobilization and participation with physical therapy following joint replacement surgery. This mobilization leads to an overall shorter length of stay in the hospital and reduction in postoperative complications. 1, 2 Multimodal or balanced analgesic techniques involving the use of smaller doses of opioids in combination with nonopioid analgesic drugs are becoming increasingly popular approaches to preventing pain after surgery. 3 Multimodal analgesia strategies are recognized as effective methods for improving postoperative pain management while minimizing opioid-associated adverse effects, 4 which include ventilatory depression, drowsiness and sedation, postoperative nausea and vomiting, pruritus, urinary retention, ileus, and constipation, which can delay hospital discharge and lead to unanticipated hospital admissions. 5 Multimodal analgesic strategies reduce these adverse effects, and, as a result, patients mobilize more quickly and are discharged from the hospital earlier. 1, [6] [7] [8] In addition, it has been suggested by the Joint Commission that excessive use of postoperative opioid analgesics leads to decreased patient satisfaction. 3 The multimodal approach uses many delivery systems, including oral agents, epidural catheters, peripheral nerve blocks, and periarticular injection (PAI). Research suggests that PAI provides postoperative pain scores comparable with those achieved with epidural catheters and femoral nerve blocks, with a lower risk of quadriceps weakness and systemic adverse effects. 9, 10 These advantages of PAI allow patients to mobilize more quickly and reduce the risk of falling, leading to improved participation with therapy and patient satisfaction. 9, 11 Liposomal bupivacaine is a novel formulation of bupivacaine approved by the US Food and Drug Administration for local infiltration of surgical sites to produce extended postsurgical analgesia. It has recently emerged as a popular option for PAI because its therapeutic effects last up to 72 hours. 12, 13 Furthermore, its use was associated with an overall decrease in use of narcotics by patients undergoing total joint arthroplasty. 13 Previous studies have established the safety and efficacy of liposomal bupivacaine, and there has been no evidence of increased adverse effects or outcomes in comparison with bupivacaine hydrochloride. [13] [14] [15] [16] [17] Several small studies have shown improved pain scores, decreased use of narcotics, and shorter length of stay following total joint arthroplasty with the use of liposomal bupivacaine PAI. 8, 11 Although liposomal bupivacaine is more expensive than alternative PAI agents (eg, bupivacaine and ropivacaine hydrochloride), it has recently gained favor at the Richard L. Roudebush Veterans Affairs Medical Center for TKA surgery. The main purpose of this medication use study is to evaluate the cost vs benefit of using this agent in our veteran patient population. To our knowledge, this is the first study to evaluate the use of liposomal bupivacaine in TKA in the Veterans Affairs medical system.
Methods

Study Design
A 
Key Points
Question Do the benefits justify the cost of liposomal bupivacaine for local infiltration in total knee arthroplasty in a veteran population?
Findings In a drug utilization evaluation, patients undergoing total knee arthroplasty with liposomal bupivacaine had a reduced median use of opioids in the initial 24 hours after surgery, as well as a reduction in the use of patient-controlled analgesia and antiemetics. An institutional cost savings was estimated at $27 000 per year.
Meaning
The results of this drug utilization evaluation support the use of local infiltration of liposomal bupivacaine in total knee arthroplasty. needle was placed deep to the muscle's fascial layers during these injections. In the deep layer, the bupivacaine solution was injected into the extracapsular space through the deep posterior knee capsule and into the popliteal fossa. The tip of the needle was placed through the capsule until resistance was lost. The superficial and deep injections of the knee were performed before cementing of the implants.
Pain Control Regimen
Patients undergoing TKA were prescribed the following standard pain control regimen: oral hydrocodone bitartrate, 5 mg, with acetaminophen, 325 mg, or oxycodone hydrochloride, 5 mg, with acetaminophen, 325 mg, every 4 hours with an additional tablet every 4 hours as needed. For pain that could not be controlled by oral opiates, the patients were additionally offered intravenous morphine sulfate, 2 to 4 mg, or hydromorphone hydrochloride 0.5 to 1.0 mg every 4 hours as needed. For the first 24 hours, morphine or hydromorphone patientcontrolled analgesia (PCA) was offered for pain that could not be controlled by oral and intravenous opiates (at the beginning of the study period, PCA was scheduled as part of the routine admitting orders, but after the change in practice, they were ordered on an as-needed basis because patients were no longer routinely using them). Before surgery, if a patient was taking long-acting oral opiates, these medications were resumed as needed for breakthrough pain as described above. Intravenous ketorolac tromethamine, 15 mg, every 6 hours was also prescribed if renal function was within normal limits (owing to a national drug shortage, ketorolac was unavailable for 1 year that overlapped both arms of this study). On admission, home pain medications were also resumed, which could include multimodal options such as gabapentin and pregabalin. Oral hydroxyzine pamoate, 25 mg, every 6 hours as needed was available for itching and/or pain.
Outcome Measures
The primary outcome was opioid use (intravenous morphine equivalents) after discharge from the postanesthesia care unit (PACU). Secondary outcomes included perioperative and PACU opioid use, average postoperative pain scores in the PACU and surgical ward (numeric rating scale from 0 to 10), use of PCA, use of naloxone in the PACU and surgical ward, use of antiemetic medications in the PACU and surgical ward, and days to discharge. A cost analysis was completed comparing the use of liposomal bupivacaine with the institution's standard postoperative pain regimen before this change in practice.
Statistical Analysis
Continuous variables are reported as mean (SD) and analyzed using a 2-tailed t test. Categorical data are compared using a χ 2 test and relative risk analysis. Pain scores, use of opioids, and length of stay are reported as medians. The 25th and 75th percentiles are included as indicators of variability (interquartile range). Differences in pain scores, use of opioids, and length of stay were tested using the Mann-Whitney test. P < .05 was considered significant. Statistical analysis was performed using SPSS, version 22 (IBM Corp).
Results
A total of 217 patients who had an elective primary TKA were studied (101 patients before the change in practice and 98 patients after the change in practice; 18 patients were excluded). Analysis of the demographic data (Table 1) shows that the 2 groups are well matched except for American Society of Anesthesiologists Risk Index scores (P = .02).
Patients undergoing primary TKA after the change in practice (use of liposomal bupivacaine) had a reduced median opioid use (intravenous morphine equivalents) in the first 24 hours after surgery compared with those who underwent TKA before the change in practice (12.50 vs 22.50 mg; P = .001). No difference in median opioid use was observed in the 48 and 96 hours following surgery. However, there was an increase in median opioid use 72 hours after surgery among patients who received liposomal bupivacaine vs those who did not (20.00 vs 15.00 mg; P = .003; Table 2 ). Although there was no difference in perioperative use of fentanyl between the 2 groups, median perioperative use of opioids was significantly reduced in the liposomal bupivacaine group (5.33 mg) compared with those who did not receive liposomal bupivacaine (6.67 mg), as was median use of opioids in the PACU (2.67 vs 6.00 mg; Table 3 ). No naloxone was administered in either group in the PACU. In addition, there was no statistical difference in naloxone administration on the surgical ward between the 2 groups ( Table 4) .
Although median verbal pain scores in the PACU were improved in the liposomal bupivacaine group vs those who did not receive liposomal bupivacaine (4.0 vs 5.5; P = .001) ( Table 2) . The number of patients with no pain in the PACU was improved in the liposomal bupivacaine group vs those who did not receive liposomal bupivacaine (44 vs 19; P < .001; absolute relative risk [ARR], 0.26; 95% CI, 0.25-0.27) ( Table 3 and Table 5 ). There was a 139% relative risk reduction of patients having pain in the PACU when treated with liposomal bupivacaine (Table 5 ). The number needed to treat was 3.8 (95% CI, 3.7-4.0), indicating that for every 3.8 patients treated with liposomal bupivacaine, 1 patient will have no pain in the PACU (Table 5) .
A reduction in antiemetic use in the liposomal bupivacaine group vs those who did not receive liposomal bupivacaine was observed in the first 24 hours after surgery (13 vs 34; P = .001; ARR, 0.20; 95% CI, 0.16-0.24) ( Tables 4 and 5 ) and in the PACU (4 vs 20; P = .001; ARR, 0.16; 95% CI, 0.16-0.16) ( Tables 3 and 5 ). There was a 61% and 72% relative risk reduction of patients requiring an antiemetic in the first 24 hours after surgery and in the PACU when treated with liposomal bupivacaine, respectively ( Table 5 ). The number needed to treat was 5.0 (95% CI, 4.2-6.3) and 6.4 (95% CI, 6.4-6.4), indicating that for every 5.0 and 6.4 patients treated with liposomal bupivacaine, 1 patient will require an antiemetic in the first 24 hours after surgery and in the PACU, respectively ( Table 5 ). The use of PCA was reduced in the liposomal bupivacaine group vs those who did not receive liposomal bupivacaine (49 vs 91; P < .001; ARR, 0.40; 95% CI, 0.39-0.41) ( Tables 4 and 5 ). There was a 45% relative risk reduction of patients requiring PCA when treated with liposomal bupivacaine (Table 5 ). The number needed to treat was 2.5 (95% CI, 2.4-2.6), indicating that for every 2.5 patients treated with liposomal bupivacaine, 1 patient will require PCA (Table 5 ). There was no difference in the median length of stay between the 2 groups ( Table 2) . 
Discussion
Significant differences were found in both the primary and secondary outcomes in patients who received liposomal bupivacaine for TKA. Total opioid use was decreased for up to 24 hours after surgery, resulting in nearly a 50% decrease in use of PCA. In addition, perioperative and PACU opioid use was significantly reduced in the liposomal bupivacaine group. Patients' pain was often adequately controlled with use of oral opioids. Secondarily, use of antiemetic medication significantly decreased in the first 24 hours after surgery in patients in the PACU and the surgical ward. These results appear to contradict those of Bagsby et al, 19 who reported no significant difference in mean use of opioids and antiemetics. They reported that, in the first 24 hours after surgery, mean (SD) opioid use (in morphine equivalents) for those in the liposomal bupivacaine group (n = 65) was 6.21 (18.30) mEq and for those in the ropivacaine group (n = 85) was 13.75 (13.42) mEq (P = .34). Using the provided values in their article, we calculated P = .004 using a 2-tailed t test, indicating that the liposomal bupivacaine treatment group used significantly less opioids in the first 24 hours after surgery than did the ropivacaine group. A reduction in use of opioids decreases the potential for adverse events such as sedation, respiratory depression, nausea, vomiting, and constipation. Our study shows a significant decrease in use of opioids, particularly of intravenous opioids, in the first 24 hours after surgery among those who received liposomal bupivacaine, which translates into increased patient safety. One patient in the control group received naloxone for sedation reversal vs no patients in the liposomal bupivacaine group. This result, although not statistically significant, might be deemed clinically significant. Furthermore, our study demonstrates a decrease in use of antiemetics, which equates to less nausea and vomiting and presumably greater patient satisfaction.
We also observed that significantly more patients in the liposomal bupivacaine cohort reported no pain in the PACU, which coincides with results from a study by Barrington et al, 8 who reported that a higher percentage of patients who received liposomal bupivacaine reported no pain during their hospital stay. Pain scores in our study were also lower among patients in the PACU; however, this finding was not sustained once patients were moved to a bed on the surgical ward. In addition, there was no statistical difference in median opioid use between the 2 groups at 48 and 96 hours after surgery. However, there was a statistically significant increase in median opioid use 72 hours after surgery in the liposomal bupivacaine group (Table 2) . Although these effects may be secondary to a rebound effect of the liposomal bupivacaine injection, it may also suggest limited utility of this technique.
Multiple studies report a decreased length of stay for patients who received liposomal bupivacaine. [20] [21] [22] Broome and Burnikel 21 noted that 12% of patients who received liposomal bupivacaine were discharged on postoperative day 1 vs none of the patients who received a femoral nerve block. Berend et al 22 reported that more than 98% of patients were discharged on postoperative day 0 and had a decreased time in the PACU. In our study, data on patients' readiness for discharge from the PACU were not collected since nurses only documented when the patient was discharged from our PACU. At our institution, for a variety of reasons, a patient may remain in the PACU despite clinically being ready for discharge (eg, no bed available and shift change on the wards). Our study did not show a statistically significant decrease in length of stay. However, many of our surgical patients are referred to this facility from other facilities, and their discharge to home or a rehabilitation facility is dependent on nonmedical issues, such as availability of transportation and family to help in their care. Although the intermediate and long-term benefits of liposomal bupivacaine were not specifically addressed in our study, a large retrospective cohort study found that opioidsparing regimens may decrease the frequency of opioidassociated adverse drug events, particularly among high-risk patients (≥65 years, males, obesity, prior opioid use, and higher Charlson Comorbidity Indexes), thereby decreasing overall cost burden to the hospital system and improving patient outcomes. 23 In our study, the short-term benefits of PAI included a significant decrease in opioid consumption 24 hours after surgery, reduction in use of PCA, and less use of antiemetics. Reduction in use of opioids has been shown to increase patient satisfaction 3 and safety secondary to a decrease in opioid-associated adverse events. 5 Our study found a decrease in total per-patient cost based on use of PCA. In the patients who did not receive PCA, there was a cost savings of approximately $350 per patient (PCA pump, medication, and carbon dioxide tubing and monitoring, minus the cost of the medication). Based on the number needed to treat of 2.5 (Table 5) , use of liposomal bupivacaine will result in a savings of approximately $15 000 per year based on the number of patients in this study. (Our institutional cost of liposomal bupivacaine was recently reduced by 50%, which would change the cost savings to approximately $500 per patient who did not receive PCA or $27 000 per year). This study has several limitations, including retrospective design, lack of standardization of recording pain scores, and variations in postoperative adjunctive pain medications (ketorolac, celecoxib, acetaminophen, and ibuprofen). In addition, once the change in practice occurred, all patients still received PCA until the nurses were informed of the change, at which point PCA was prescribed on an as-needed basis. This delay in change probably led to additional PCA given to patients in the liposomal bupivacaine group and underestimated the true cost savings.
Conclusions
The results of this drug utilization evaluation support the use of local infiltration of liposomal bupivacaine in primary TKA surgery at this institution. Specifically, there was a reduction in use of opioids in the first 24 hours and the need for PCA after surgery. In addition, use of antiemetics decreased and postoperative pain improved in the first 24 hours after surgery. Finally, a positive institutional cost savings was appreciated.
